Methods
PCR for beak and feather disease virus
A beak and feather disease PCR was carried out on all 120 samples of blood in EDTA, according to the protocol in Julian et al. (2012) . This PCR screening procedure used primers targeting a specific ~605 nucleotide region of the beak and feather disease viral genome, the replication-associated protein (Rep) gene (5'-TTAACAACCCTACAGACGGCGA-3' and 5'-GGCGGAGCATCTCGCAATAAG-3'; Ritchie et al. 2003) . PCR products and controls were visualized on 1% agarose gel stained with SYBR Safe DNA Gel Stain (Life Technologies, Carlsbad, CA, USA).
Metagenomic discovery of viruses
A sample of 100 L of the cloacal swab UTM was pooled from each of 12 birds with feather loss (FL) and from each of 12 without (NFL; only a subset of the cloacal material collected was used owing to budgetary constraints). The methods used for nucleic acid extraction, amplification and sequence analysis were adapted from those in Hall et al. (2014) , as follows. A combined 400 µL of each of the two pooled samples was used for nucleic acid extraction using the iPrep PureLink Virus Kit (Life Technologies) and eluted into 100 µL of molecularbiology grade water. Separate workflows targeting RNA and DNA viruses were performed. Metagenomic analysis for RNA viruses required the removal of DNA using DNAse treatment as per the Ambion DNA-free kit instructions (Life Technologies). Eight (8) µL of the RNA were reverse transcribed into cDNA using a first-strand cDNA synthesis kit (Life Technologies) primed by random hexamers as per the manufacturer's instructions and also including the recommended RNase H digestion. These steps were not required for metagenomic analysis targeting DNA viruses, as the raw DNA extract alone was used. Since a minimum input amount of 1 µg of DNA is required for Illumina TruSeq DNA Sample Prep Kit v2 (Illumina, San Diego, CA, USA) to generate libraries for sequencing, multiple displacement amplification was performed on the cDNA or raw DNA to achieve 1 µg using the Whole Transcriptome Amplification Kit (Qiagen, Valencia, CA), as described by Berthet et al. (2008) . The ligation and amplification steps were followed as per the manufacturer's instructions except that the ligation reaction was terminated by heating to 95°C for 5 min, and the amplification step was performed for 2 h followed by termination of the reaction at 65°C for 3 min. Ambion RT-PCR grade water (Life Technologies) negative controls failed to amplify any DNA. More than 1 µg of DNA was produced for each of the four samples, which were subsequently processed by Illumina TruSeq DNA library preparation (Illumina, San Diego, CA) and sequenced as paired-end 250 base pair (bp) reads on an Illumina MiSeq v2 instrument.
The quality of all sequence data was checked with the FASTQC v0.10.1 software package (Babraham Institute, Cambridge, UK); bases were trimmed from read ends if fastq quality scores fell below 28, using the PRINSEQ-LITE version 0.19.3 software package (Schmieder and Edwards 2011) . Paired-end sequence reads were labeled appropriately and assembled into contigs using MIRA v3.9.12 (Chevreux et al. 1999) , using the est, de novo, and accurate modes, with MIRA parameters set to remove any sequences below 20 bp. All contigs, and unassembled reads that passed inclusion criteria, were saved into one output file. Assembly was run on the New Zealand eScience Infrastructure (NeSI) High Performance Computing Facility (Centre for eResearch, University of Auckland, Auckland).
Contigs were compared to the non-redundant nucleotide database downloaded from GenBank -National Center for Biotechnology Information (ftp://ftp.ncbi.nih.gov/blast/db [accessed 1 April 2013]) using the standalone version of the BLAST+ software package (version 2.2.28; Camacho et al. 2009 ) to determine similarity to known sequences. The MEGAN software package (version 4.70.4.0; Huson et al. 2007 ) was used to assign BLASTn search results to taxonomic groups, with parameters set to filter low-complexity reads.
Phylogenetic analysis
Phylogenetic analysis was performed using MEGA v5.05 (Tamura et al. 2011) . Alignment of amino acid sequences was performed using ClustalW (Thompson et al. 1994 ) using a gap opening penalty of 10 and a gap extension penalty of 0.2. Evolutionary history was inferred for informative amino acid sites by using the maximum-likelihood method after performing a model test available in MEGA v5.05. A consensus tree was compiled from 1000 bootstrap replicates (Fig. S4) .
Discussion

Phylogenetic analysis of the putative astrovirus
Given that the astrovirus sequence was found exclusively in the group with feather loss, further investigation of the sequence data was performed using a BLASTx search to identify matches at the protein level. Specifically, a 1815 bp contig similar to astrovirus was shown to span both the ORF1a and RdRp genes, including the junction where the 'slippery ribosomebinding site' occurs in other astroviruses. The RdRp gene is commonly used for taxonomic assignment of viruses (Koonin et al. 1993 ) and the nucleotide sequence from this gene region (1099 bp) in our 1815 bp contig was translated into a 366 amino acid sequence and aligned to Avastrovirus and Mamastrovirus reference genomes. The 5' end of the contig contains 63 amino acids which show no identity to any other sequence in GenBank, indicating this section was either a novel sequence or that the 5' end of the contig contains a chimera. 
